Abstract A new synthesis of spiro[imidazo[1,2-a]pyridine-2,3 0 -indoline]-2 0 -ones 3a-f and spiro[imidazo[1,2-a]isoquinoline-2,3 0 -indolin]-2 0 -ones 5a-d, respectively by polar [3 + 2] cycloaddition reactions of isatin-3-imines with pyridinium and isoquinolinium ylides which are derived from 2-bromoacetophenone, 2,4 0 -dibromoacetophenone or methyl bromoacetate is described. These cycloaddition reactions consist of the nucleophilic attack of the heteroaromatic N-ylides on isatin-3-imine derivatives. The salient features of these processes include operational simplicity, high yields, and easily accessible starting materials. In addition, Density Functional Theory (DFT) calculations at the M06-2X/6-31 + G(d) level have been performed to investigate the possible transition states and products. The theoretical results are in good agreement with the experimental findings and show that the product 3a is the most stable product and is formed through a kinetically feasible pathway. 
Introduction
Spirocyclic systems containing one carbon atom common to two rings are structurally interesting (Sannigrahi, 1999) . The presence of the sterically constrained spiro structure in various natural products also adds to the interest in the investigations of spiro compounds (Srivastav et al., 1992) . These compounds represent an important class of naturally occurring substances characteristic by their highly pronounced biological properties such as anticancer agents (Young-Won et al., 2008; Wen-Liang et al., 2007) , antibacterial agents (Hyeong-Beom et al., 2007) , anticonvulsant agents (Krzysztof et al., 2008; Jolanta et al., 2006) , antituberculosis agents (Chande et al., 2005) , anti-Alzheimer's agents (Masakazu et al., 2001) , and antimicrobial agents (Thadhaney et al., 2010) . Consequently, many synthetic methodologies have been developed for constructing these spirocycles, most of which were based on cycloaddition or condensation reactions (Prakash et al., 2012; Feldman and Karatjas, 2006) . For example the synthesis of spiro neutral products such as (±)-welwitindolinone A isonitrile I and (±)-brevianamide A II has been reported by Wood and Williams respectively (Reisman et al., 2008; Miller and Williams, 2009 ).
In the past few years a growing interest in the chemistry of imidazo[1,2-a] pyridines and isoquinolines has been developed due to the extent of their applications in pharmacological science (Wisniewska et al., 2012; Hayakawa et al., 2007; Singhaus et al., 2010) . Indeed they are known for their antibacterial (Al-Tel et al., 2011) , antiviral (Gueiffier et al., 1996 ,1998 ), anti-inflammatory (Flores et al., 2012 , antiulcer (Katsura et al.,1992) , antitubercular (Moraski et al., 2012) , anticancer (Ducray et al., 2011) , antiparasitic (Martı´nez et al., 2010) and antiprotozoa (Ismail et al., 2004) activities. Nitrogen-containing heterocyclic compounds, are of high industrial interest for applications as intermediates to produce pharmaceuticals, herbicides, fungicides, dyes, etc (Pozharskii et al., 1997) . The conjugated heterocyclic N-ylides have been known as a subgroup of mesomeric betaines (Ollis and Stanforth, 1985) , widely used as building blocks for the synthesis of fused heterocyclic systems and natural products, due to its 1,3-dipolar character (Padwa, 1984) that allows cycloaddition processes to take place efficiently. Today, cycloimmonium ylides are involved in a wide range of synthetically useful reactions, mainly in the field of heterocyclic chemistry (Tewari and Dubey, 1980) . The pyridinium ylides were known as one of the special ammonium ylides, which can react with alkenes substituted with electron-withdrawing groups to give the corresponding cyclopropanes and the pyridine group has been utilized as a leaving group in intermolecular reactions (Kojima et al., 2000 (Kojima et al., , 2006 . However the 1,3-dipolar cycloaddition of heteroaromatic N-ylides, such as isoquinolinium ylides with electron-deficient alkynes and alkenes are released to pyrolo[2,1-a]isoquinoline derivatives (Domling and Ugi, 2000; Yan et al., 2007; Han et al., 2011) . In view of our general interest in the development of synthesis of heterocyclic compounds (Seifi et al., 2013; Seifi and Sheibani, 2013a,b) , we now report a new synthesis of compounds 3a-f and 5d-d by the 1,3-dipolar cyclization reactions of pyridinium and isoquinolinium ylides with 3-(phenylimino)indoline-2-one and 5-bromo-3-(phenylimino)indoline-2-one in excellent yields. Also, density function theory (DFT) calculations are carried out to explore the possible transition states and minimum energy structures of the title reaction.
Experimental section
Melting points were measured on a Electrothermal-9100 apparatus and are uncorrected. IR spectra were recorded on a Brucker FT-IR Tensor 27 infrared spectrophotometer. 1 H NMR and spectra were recorded on a Avance III 400 or 300 MHz Bruker spectrometer.
13 C NMR spectra were recorded on the same instruments at 100 or 75 MHz using TMS as an internal standard respectively. Mass spectra were measured on a GCMS-QP1000 EX spectrometer at 70 eV. Elemental analyses were performed using a Heracus CHN-O-Rapid analyzer. The 3-(phenylimino)indoline-2-one and 5-bromo-3-(phenylimino)indoline-2-one were known and prepared according to a general procedure (Sridhar et al., 2001) . Pyridinium and isoquinolinium salts were prepared according to a literature procedure (Hazra et al., 2011) .
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Spectral data for selected compounds
2.2.1. 3-Benzoyl-1-phenyl-3,8a-dihydro-1H-spiro[imidazo[1,2- a]pyridine-2,3 0 -indolin]-2 0 -one (3a)
3-Benzoyl
-5 0 -bromo-1-phenyl-3,8a-dihydro-1H- spiro[imidazo[1,2-a]pyridine-2,3 0 -indolin]-2 0 -one (3b)2.2.4. 5 0 -Bromo-3-(4-bromobenzoyl)-1-phenyl-3,8a-dihydro- 1H-spiro[imidazo[1,2-a]pyridine-2,3 0 -indolin]-2 0 -one (3d)
Methyl 5
0 -bromo-2 0 -oxo-1-phenyl-3,10b-dihydro-1H-spiro- [imidazo[2,1-a]isoquinoline-2,3 0 -indoline]-3-carboxylate (5d)
Results and discussions
In the present work, we report a new synthesis of compounds 3a-f and 5a-d, which are prepared by the reaction of isatin-3-imines 2a, b with pyridinium and isoquinolinium ylides under mild conditions at ambient temperature in excellent yields. In order to optimize the reaction conditions, we used some polar and non polar solvents in the reaction of pyridinium or isoquinolinium bromides with 3-(phenylimino)indoline-2-one 2a in the presence of triethylamine or potassium carbonate as a base. The results are shown in Table 1 . It is noteworthy to mention that the polar solvents such as acetonitrile and dichloromethane, which afford better yields than toluene as a nonpolar solvent, and acetonitrile and triethylamine are the most effective solvent and base respectively.
Isatin-3-imines 2a, b which are prepared by reacting isatins and aniline, are interesting electrophilic reagents for synthesis of spiro compounds. Pyridinium ylides I which were prepared in situ from the pyridinium salts 1a-c, were stirred with isatin-3-imines 2a and b in CH 3 CN at room temperature to give spiro Scheme 1 1,3-Dipolar cyclization reaction of pyridinium ylides I with isatin-3-imines (2a, b).
compounds 3a-f by the 1,3-dipolar cyclization reaction in excellent yields (Scheme 1). The pyridinium ylides were known as one of special ammonium ylides, which can react with alkenes substituted with electron-withdrawing groups to give the corresponding cyclopropanes and the pyridine group has been utilized as a leaving group in intermolecular reactions (Kojima et al., 2006) . However the 1,3-dipolar cycloaddition reactions of pyridinium ylides with various perfluoroalkenes, perfluoroazaolefins and trifluoroacetonitrile to synthesize monofluoro or trifluoromethyl substituted heterocycles, such as pyrazolo[1,2-a]pyridines and indolizines have been reported (Fang et al., 2004) . According to Scheme 1, we find that the reaction of pyridinium ylides I with isatin-3-imines 2a, b that bear imine group as electron-withdrawing released only spiro compounds (3a-f). Under the same conditions when the isoquinolinium ylides which were prepared in situ from the reaction of isoquinolinium bromides (4a, c) were treated with isatin-3-imines (2a, b), spiro derivatives 5a-d via 1,3-dipolar cycloaddition reactions were obtained in excellent yields (Scheme 2).
To confirm the structure of products 3 and 5, DFT calculations at the M06-2X/6-31G* (Zhao and Truhlar, 2008) level of theory are performed to optimize the geometries for the possible transition states (TS1 and TS2) and products 4 and 3a which were released from the reaction of 2-oxo-2-phenyl-1-(p yridin-1-ium-1-yl)ethan-1-ide (Ia) with 3-(phenylimino) indolin-2-one (2a). The relative energies of these species are depicted in Fig. 1 .
As it is seen, the most stable product is 3a with the relative energy of À102.5 kJ mol À1 . The calculations reveal that 3a is formed via a concerted mechanism (TS1 in Fig. 1 ) with the very low barrier height of 5.2 kJ mol
À1
. Therefore, it is a kinetically feasible reaction pathway. It is found that a barrier height of 187.8 kJ mol À1 (TS2 in Fig. 1 ) should be surmounted for the formation of 4. The relative energy of the product 3a is À69.9 kJ mol À1 . As a result, the latter product is not important from both kinetics and thermodynamics stand points.
The structure of compounds 3a-f and 5a-d was determined on the basis of their elemental analyses, mass spectrum, 1 H and 13 C NMR and IR spectroscopic data. Only one product was obtained in each case. 0 -one derivatives respectively. Prominent among the advantages of these reactions are high conversions, short reaction times and cleaner reaction profiles. Further expansion of the synthesis of spiro compounds with potential biological activity is in progress in our laboratory.
